Methylmalonic acid inhibits respiration in rat liver mitochondria.
Methylmalonic acid (MMA), which accumulates and is excreted in urine in mammals during vitamin B-12 deficiency, has been reported to inhibit succinate dehydrogenase, an enzyme involved in the mitochondrial tricarboxylic acid (TCA) cycle in rat liver. The enzyme inhibition by MMA may lead to various metabolic disorders as well as inhibition of mitochondrial energy generation in vitamin B-12-deficient mammals. To clarify the inhibition of succinate dehydrogenase by MMA in intact rat liver mitochondria, the effect of MMA on mitochondrial respiration was studied. When 6 mmol/L MMA was added to the reaction mixture for measuring mitochondrial respiration with succinate as a substrate, MMA was taken up and accumulated by the mitochondria (34-53 mmol/L). The accumulation of mitochondrial MMA was stimulated by the addition of ADP. Methylmalonic acid competitively inhibited State 3 mitochondrial respiration, and the Ki for the acid was 4.2 +/- 0.4 mmol/L. Although the respiratory control ratio decreased with increasing MMA concentration, the acid did not affect the phosphorus/oxygen ratio. Mitochondrial MMA accumulation secondary to vitamin B-12 deficiency inhibits succinate dehydrogenase and may contribute to various metabolic disorders associated with vitamin B-12 deficiency.